Investigators have shown (Stanghellini et al. 2000; Spiewok and Newman 2006; Hoffman et al. 2008 ) that commercial bumble bee (Bombus impatiens Cresson, Hymenoptera: Apidae) colonies can serve as potential alternative hosts for the small hive beetle (SHB, Aethina tumida Murray, Coleoptera: Nitidulidae), a honey bee pest (Lundie 1940; Neumann and Elzen 2004; Ellis and Hepburn 2006) . Using olfactory choice tests, Graham et al. (2011) found that SHB attraction to bumble bee colonies is chemically mediated. Since SHBs are attracted to bumble bee and honey bee colonies, we expected the volatile profiles produced by bumble bee and honey bee colony components to be similar. To test this, airborne volatiles produced by bumble bee and honey bee adults, brood (eggs, larvae, and pupae), honey, stored pollen (= bee bread), and wax were collected and analyzed.
In June 2007, two commercial bumble bee (B. impatiens) quads (= eight colonies; Koppert Biological Systems, Inc., Romulus, MI) were established at the University of Florida's Bee Biology Unit in Gainesville, FL (37.629″29°N, 21.405″82°W). Both quads consisted of four bumble bee colonies containing a reproductive queen, 200-250 workers, brood, and nesting material. Eight queenright honey bee colonies were housed in typical Langstroth style equipment at the University of Florida's Bee Biology Unit in Gainesville, FL.
Volatiles were collected from colony components using methods modified from Suazo et al. (2003) . The colony components (adult bees, brood, honey, pollen, and wax) were extracted from eight bumble bee and eight honey bee colonies. The samples were placed in glass volatile collection chambers (3.8 L) by component and colony at the USDA-ARS Center for Medical, Agricultural, and Veterinary Entomology (CMAVE, Gainesville, FL). All volatile collections were conducted in a controlled environmental chamber maintained without light and at an ambient temperature of ∼33°C. Charcoal-filtered and humidified air, controlled by carboloy flowmeters, was passed through the volatile collection chambers and into SuperQ filters at a rate of 0.5 L/min. All component volatiles were collected for 14 h with the exception of brood volatiles that were collected for 7 h. The abbreviated time frame for volatile collection of brood was intended to avoid stressing the unattended brood, recognizing the fact that brood may still be stressed in the absence of adult workers. Adult bees were provisioned with a cotton wick saturated with a 50 % sugar water solution and an autoclaved steel mesh platform on which the adults could crawl to minimize stress. Volatiles trapped on the SuperQ filters were extracted by eluting the filter with 500 μL of methylene chloride. These samples were pooled by component and bee type and stored in a −70°C freezer (Revco Scientific, Inc., Asheville, NC) at CMAVE until use.
The pooled volatile samples were analyzed for both bee types by component at the CMAVE using a HP-6890 gas chromatograph (GC, Hewlett Packard, Palo Alto, CA) equipped with a HP-1 column (30 m×0.25 μm, J&W Scientific, Folsom, CA). The column was linked to an HP 5973 mass spectrometer using electron impact mode (70 eV, Agilent, Palo Alto, CA) with the gas carried by helium. Volatile compounds were identified by comparison of retention times with available synthetic standards (SigmaAldrich, St. Louis, MO) and mass spectra with mass spectra libraries (NIST, University of Gottenburg Chemical Ecology, Sweden).
Contrary to our hypothesis, we found that there is a high level of variability between the volatiles collected from bumble bee and honey bee colony components as well as volatiles collected from whole colonies. Only 6 of 147 detected volatiles were common to both bee species (Table I) .
2-Heptanone, present among volatiles emitted by adults of both bee types (Table I) , is known to be produced from mandibular glands of worker honey bees, acts as a "forage marking pheromone," and can attract/repel guard honey bees (Vallet et al. 1991) . Limolene is the only volatile common to the brood of both species. Limonene, along with 2-heptanone, heptanal, pinene, octanal, terpenine, methyl benzoate, nonanal, and decanal, was found to be honey bee hive volatiles capable of being detected by sensillae on the SHB antennae in Gas Chromatography Electro-Antennographic Detection (GC-EAD) bioassays (Torto et al. 2007a ).
The compounds 1-phenoxy-2-propanol and butylated hydroxytoluene were detected in the honey volatiles of both species and this is the first report of these compounds being associated with either species. Butylated hydroxytoluene has been used extensively in the food industry as a food antioxidant additive (Branen 1975) and may have been present in the nesting materials or artificial diets provided to the colonies. Volatiles collected from bumble bee and honey bee wax contained the shared compounds 2-nonanone and nonanal, while volatiles collected from bumble bee and honey bee pollen contained only the shared compound nonanal (Table I ). Nonanal was found by Saleh et al. (2007) to be a chemosensory cue, left behind by Bombus terrestris at food locations, nest locations, and neutral areas (areas neither associated with food locations or with nest locations). Nonanal and 2-nonanone were used in wind tunnel studies where SHBs were found to be attracted to a blend of compounds which were collected from adult honey bees; nonanal also was detected by SHB and honey bees in GC-EAD (Torto et al. 2005 (Torto et al. , 2007a .
In conclusion, commercial bumble bee and honey bee colonies, while similar enough to host the same and similar pests and pathogens, remain different regarding their volatile profiles. It is likely that the volatile profiles of honey bees and bumble bees are complex, varying with temperament, bee health, and other circumstances. This study provides an initial comparison of the chemical ecology of commercial bumble bees and honey bees. With an understanding of the chemical ecology associated with both types of 
